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in the industry. The company is 
unique in offering both high 
power broadband as well as 
band-specific amplifiers. 
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kHz to 14 GHz at power levels 
up to 1 kW. Products are avail- 
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designs. 
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Understanding the 
Resistivity of Materials 

Knowing the resistance ranges for different types 
of materials is critical to solving ESD problems. 



Q: What are the resistance ranges for 
conductive, static dissipative, electro- 
static shielding, insulative, and anti- 
static materials? 

A: For ESD purposes, many materials are 
classified by their resistance or resistivi- 
ty characteristics. The following ranges 
and definitions are found in ESD Asso- 
ciation or EIA standards publications. 

Conductive materials are defined as 
those having a surface resistivity less 
than 1 X 10 5 ft/sq or a volume resistivi- 
ty less than 1 X 10 4 Q-cm. 1 With a low 
electrical resistance, electrons flow easi- 
ly across the surface or through the bulk 
of these materials. Charges go to ground 
or to another conductive object that the 
material contacts or comes close to. 

Dissipative materials have a surface 
resistivity equal to or greater than 1 X 
10 5 i2/sq but less than 1 X 10 12 Q/sq or 
a volume resistivity equal to or greater 
than 1 x 10 4 Q-cm but less than 1 x 10" 
Q-cm. 2 For these materials, the charges 
flow to ground more slowly and in a 
somewhat more controlled manner than 
with conductive materials. 

Electrostatic shielding materials have 
a conductive layer with a surface resis- 
tivity of less than 1 X 10 4 f2/sq or a vol- 



ume resistivity of less than 1 X 10 3 Q.-cm 
per millimeter of thickness. 2 For 
ESD-sensitive devices, these materials 
provide Faraday cage protection from 
energy transfer. 

Insulative materials are defined as 
those having a surface resistivity of at 
least 1 X 10 12 Q/sq or a volume resistiv- 
ity of at least 1 X lO'^-cm. 1 Insulative 
materials prevent or limit the flow of 
electrons across their surface or through 
their volume. Insulative materials have a 
high electrical resistance and are diffi- 
cult to ground. Static charges remain in 
place on these materials for a very long 
time. 

Antistatic materials are not defined 
by resistance or resistivity. Antistatic 
refers to the property of a material that 
inhibits triboelectric charging. A mate- 
rial's antistatic characteristic is not nec- 
essarily correlated with its resistivity or 
resistance. 2 

References 

1. ESD-ADV 1.0-1994, "Glossary of Terms," 
ESD Association, Rome, NY. 

2. EIA-541, "Packaging of Electronic Prod- 
ucts for Shipment," Electronic Industries 
Alliance, Arlington, VA. 



Materia! Type 


Surface Resistivity 

(ft/sq) 


Volume Resistivity 
(Q-cm) 


Conductive 


<1 x 10 5 


<1 x 10 4 


Dissipative 


>1 x 10 5 ,<1 x 10 i2 


>1 x 10 4 ,<1 X 10 n 


Electrostatic 
shielding 


<1 x 10 4 


<1 x 10 3 


Insulative 


>1 x 10 12 


>1 x 10" 
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Antistatic 




Not correlated 



Not correlated 
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Table I. Resistance ranges for materials. 



To submit your ques- 
tions to the ESD Help 
Desk or to browse the 
archives of past ques- 
tions and answers, go 
on-line at http://www. 
ce- mag/ esd help.html. 
Information on the 
ESD Association may 
be found at http:// 
www.esda.org. ■ 
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Useful Static 
Electricity 



Most people are unaware of the important applications that are based on 
electrostatic principles. 



The term static electricity most 
likely brings to people's minds 
such phenomena as nasty shocks, 
clinging clothes, dirty TV screens, ex- 
ploding tankers, and, especially to the 
readers of this magazine, ruined elec- 
tronic components and circuits (also 
known as ESD problems). And one 
must admit that when the talk in the 
electronics industry is 
about static electricity, it is 
rarely for its virtues, but 
rather because — almost 
without exception — it pre- 
sents itself as a nuisance or 
sometimes even as a risk. 

This is slightly unfair to 
static electricity, although 
understandable considering that most 
people know only of its negative char- 
acteristics. Most people are unaware 
that static electricity — or rather, electro- 
static principles — are vital for painting 
the refrigerator, the quality of sand- 
paper, the functioning of the photo- 
copier and, even more importantly, the 
cleaning of smoke from coal-fired 
power plants. These are only a few ex- 
amples of important applications of 
static electricity. 

It may at first sight seem funny that 
the cause of the apparently unpre- 
dictable and bothersome expressions of 
static may also be put to good use. But 
from a physicist's point of view, it is not 
surprising at all. Most applications of 
static electricity are related to the han- 
dling of particulates, whether airborne 
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or suspended in liquid. The following 
characteristics are common to electro- 
static processes: 

• The force from an electric field on a 
small, charged particle may be much 
larger than gravity. 

• It is very easy to monitor the electric 
force by monitoring the electric field. 

• The electric forces acting 
upon airborne particles in- 
terfere insignificantly with 
the air and its movement. 



In all electrostatics appli- 
cations, some materials 
must be electrified, mean- 
ing they must be able to 
respond to an electric field. This can 
be done either by giving the materials 
a net charge or by exposing them to 
induction or polarization. 1,2 The 
three most significant electrification 
processes are corona electrification, 
contact and triboelectrification, and 
induction and polarization in an 
electric field. Precipitation uses cor- 
ona electrification. Often, two or more 
electrification processes are active. 
For example: 

•Separation uses both corona and 
triboelectrification. 

• Surface treatment uses contact and tri- 
boelectrification and polarization. 

This article focuses on examples of 
all three of these applications. 



Precipitation 

The principle of electrostatic precip- 
itation is the charging of airborne (solid 
or liquid) particles with the same po- 
larity, which consequently makes them 
move in the same direction in an elec- 
tric field. 

Many industrial processes produce 
airborne particulates to such an extent 
that it is necessary to clean the affected 
air before releasing it into the environ- 
ment. A prime example is the produc- 
tion of fly ash in coal-fired electric 
power generation. A lot of other indus- 
tries also produce particulate air pollu- 
tion on a large scale. 

Even everyday activities, such as cook- 
ing and cleaning (not to mention smok- 
ing) produce a particle concentration in 
the air, often at unacceptable levels. Al- 
though particulates can be removed from 
the air by mechanical filters, for indus- 
trial pollution, the world would be at a 
loss without electrostatic precipitation, 
usually in the form of the electro filter. 



Precipitation 



High voltage 



Corona 
wire 



Charging 
region 




Airflow 



Figure 1 . Overview of an electrofilter. 
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Power Products 

Spectrum Control filtered power products allow you to filter EMI where the 
power source enters your system. There is a wide range of AC/DC current 
and voltage ratings available and we will conduct EMC 
testing to optimize design and compliance. In addition to our 
standard products, we'll work with your design and manufacturing 
teams to develop power conditioning solutions such as back 
panels with surge protection, circuit breakers and voltage cut-off. 

• Single line filters • Power line filters 

• Power arrays • Power distribution units 

• Power entry modules • PCB mount filters & assemblies 

• C.O.T.S./Tempest power line filters 
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Filtered Arrays 

& Interconnect Products 

We offer the world's most complete line 
of filtered D-Subminiature connectors in 
a range of footprints, shell sizes and 
configurations. 

■ Filtered D-Subminiature 
connectors - .318" 
& .590" footprints 
• Ferrite filtered 
D-Subminiature 
connectors 

• Hi-density filtered 
D-Subminiature connectors 

• Filtered Combo connectors 
Filter arrays simplify installation and 
reduce overall project costs. Filter 
arrays provide an EMI filtered signal line 
between electronic system modules 
and deliver excellent EMI filtering at 
frequencies from 5 MHz to 18 GHz. 

• Filter plates - bolt-in & Easy Mate 
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' Filtered terminal 
blocks - barrier & 
Euro PCB styles 




Datacomm Interconnects 

Spectrum Control now offers a 
complete line of datacomm 
interconnects with the addition of the 
Signal Conditioning Product Group, 
formerly part of AMP. These products 
offer an easy and effective EMC solution 
for a wide range of telecom and 
datacomm system and equipment 
connections. 

• Filtered Champ connectors 

• Filtered RJ45 mod jacks 

• Filtered mini-DIN connectors 

• Capacitively decoupled BNC connectors 

• Waveshaper connectors for 
T1 & E1 lines 

• Filtered SCSI connectors 




Discrete EMI/RFI Filters 

Spectrum Control offers the broadest line of EMI/RFI filter 
products in the industry. Our surface mount and feed-thru 
filters are available in a wide variety of package and 
performance characteristics that allow designers to 
address EMI in most any application. 

• PSM surface mount filters - up to 20 Amps 

• SSM surface mount filters - up to 1 Amps 
\ x • 3 terminal surface mount filters 

m • LC ceramic chips 

• Resin sealed signal & power filters 
*3K^Jl • Hermetically sealed filters £ % 

• QPL filters to MIL-F-15733 & MIL-F-28861 
Circle #131 



\mps 




Freshly Brewed Solutions 
To Filter Your Design 

Filters. At Spectrum Control, it means more new and innovative 
EMI/RFI filters and filter solutions than ever before. We've expanded 
our line of filters to address EMI/RFI emissions and susceptibility 
within all key signal line, high frequency wireless and power 
applications. Our low pass EMI filters, filtered interconnects, filtered 
power and ceramic products all feature exciting new designs and 
expanded performance characteristics. 




So if you're interested in a freshly brewed filter 
solution check us out. You can call or see all of our 
company and product information at our web site 
www.spectrumcontrol.com. 




SPECTRCIM CONTROL INC. 
A Control Products and Systems Company 
www.spectrumcontrol.com 



Corporate Headquarters 

8031 Avonia Road, Fairview, PA 16415 
Phone: 814-835-1650 
Fax: 814-835-1651 



ISO 960! 



European Headquarters 

Spectrum Control GmbH 
Hansastrasse 6, 91126 Schwabach, Germany 
Phone: 49-9122-795-0 Fax: 49-9122-795-58 
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Figure 2. Electrofilter, working principle. 

The electrofilter is the oldest applica- 
tion of static electric principles to be put 
to industrial use, dating back to 1906 
when Frederick Cottrell built his first 
precipitator. Figure 1 shows a simplified 
drawing of an electrofilter, and Figure 2 
illustrates its working principles. 

A single corona wire (or series of 
them) is kept at a high potential, which 
causes positive and negative ions to be 



formed within a thin sheath around the 
wire. In the figure, the negative ions are 
attracted to the wire where they are 
neutralized. The positive ions, however, 
move toward the grounded electrodes, 
forming a highly concentrated region 
of positive ions. When the dirty air is 
drawn through this region, the ions will 
tend to attach to particles in the air. 
The airflow carries the charged parti- 



cles into the precipitation volume, 
where they move toward the collecting 
electrodes and where, eventually, they 
may plate out. Whether a particle will 
actually land on the collecting electrodes 
depends on many factors, including flow 
rate, particle size, particle charge, filter 
dimensions, and field strength. 

Several methods can be used to re- 
move the plated-out materials from the 
collecting electrodes. For industrial 
plants, big mechanical shakers may be 
needed for cleaning; for household elec- 
trofilters, it may be sufficient to place the 
filter unit in the dishwasher every other 
week to remove lingering particulates. 

Separation 

The principle of electrostatic separa- 
tion is the charging of components in 
particulate mixtures with opposite po- 
larities (or leaving conductive materials 
uncharged) and subsequently separat- 
ing the components by mutual repul- 
sion or by an external electric field, pos- 
sibly aided by gravity. 



Shut out the 

not the technicians 

Leader Tech's patented, removable-cover design 
makes superior quality circuit board shielding 
a perfect fit for every application, protecting 
sensitive components from noise while providing 
access for adjustments and repairs. 

To meet industry demands, we continue to 
expand on our rugged CBS-style shielding cans. 
New additions include the 20-S Surface Mount 
style and the versatile CBS2 dual-sided enclosure. 
To learn more about our complete line of standard, 
removable-cover CBS assemblies, as weii as our 
custom design and manufacturing capabilities, 
visit us at www leadertechinc.com or call us for a 
Leader Tech catalog at 813-855-6921 or Fax 
813-855-3291 LEADER 

TECH 1 

Leading Products Into The New Millennium 

14100 McCormick Drive, Tampa, Florida 33626 
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Figure 3 depicts this process using a 
drum separator. A mixture of conduc- 
tive and insulative particles is fed from 
a hopper onto a grounded drum, and 
all the particles are charged (positively 
in the case shown) by a corona dis- 
charge. When the particles leave the 
corona region, the conductive particles 
lose their charge to the drum and move 
away by gravity and "centrifugal" forces. 
The insulative particles stick to the 
drum until a brush or scraper, possibly 
assisted by an ac corona discharge, re- 
moves them. 

The charging of the particles to be 
separated can be achieved using a vari- 
ety of methods. Selecting the appropri- 
ate method depends on several factors, 
including the properties of the materi- 
als themselves, the state of their surfaces, 
and external parameters such as electric 
fields and temperature gradients across 
interfaces. Table I lists a few of the many 
material mixtures that in particle form 
can be separated electrostatically to pro- 
duce a commercial benefit. 



Grounded drum 



Ac-corona electrode 




Conductive material 



Figure 3. Electrostatic drum separator. 
Coating 

Nearly all products manufactured 
today are coated in some way. This is 
true for the paper we write on, the 



clothes we wear, the cars we drive, and 
the furniture we sit on. For practical, 
economic, and environmental reasons, 
it is desirable that products be coated 
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Effects of Shield Attenuation 
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The careful selection of 
components becomes 
increasingly important for 
good EMC design. 
Failed FCC 
testing can 
mean 
expensive 
rework, and 
delay time to 
market. 
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with only the necessary amount of ma- 
terial, and this consideration makes 
electrostatic coating superior to most 
other methods. 

In an earlier column, we discussed 
spray painting as a method of surface 
treatment using electrostatics. 3 This 
section addresses a completely different 
type of coating used for manufactur- 
ing sandpaper. Figure 4 illustrates the 
principle used in this coating process. 

Two plane electrodes — one ground- 
ed while the other is connected to a 
high-voltage supply— are used to es- 
tablish an electric field. A continuous 
belt of a suitable semiconductive ma- 
terial passes through the field in con- 
tact with the lower electrode. The 
paper or textile for the sandpaper 
backing is fed from a stock roll 
through the field, in contact with the 
upper electrode. Before the paper en- 
ters the field, a layer of adhesive is ap- 
plied to the side of the paper that will 
eventually face downward. 

An abrasive such as ground agate is 
fed from a hopper onto the lower belt 




Material A 



Asbestos 


Silicates 


Coal 


Pyrite 


, , 

Coal 


Shale 


Copper ore 


Silicates 


Coke 


Iron 


Diamonds 




Silicates 


Feldspar 


Quartz 


Fly ash 


Carbon 


Iron 


Silicates 


Kaolin 


Iron contamination 


Limestone 


Silicates 


Nickel 


Copper ore 


Zirconium 


Sand 


Barley, rice 


Rodent excrement 


Cocoa beans 


Shells 


Cotton seeds 


Stems 


Grain 


Garlic seeds 


Nut meat 


Shells 


Photographic film 


Paper 


Polyvinyl 


Polyester 



Table I. Electrostatically separable mixtures. 



Figure 4. Manufacturing of sandpaper. 

outside the field. When the abrasive en- 
ters the field, the polarized grains will 
be charged directly with the same po- 
larity as the lower electrode. 

The grains will align their longest axes 
with the field, and when the field strength 
is high enough, they will move toward 
the upper electrode and embed them- 
selves in the adhe- 
sive with a sharp 
tail protruding. If 
a grain hits a point 
already occupied 
by another grain, 
the late arriver 
is neutralized, 
charged with the 
opposite polarity, 
and repelled. It will 
then fall to the 
lower belt, repeat- 
ing the process. 

When the grit- 
covered face leaves 
the field, a shaker 
removes loose ma- 
terial and a drier 
sets the adhesive. 
The electrostatic 
deposition of the 
abrasive provides 
a more uniform 
distribution and a 
more beneficial 
orientation of the 
single grains than 
is possible by a 
purely mechanical 
process. 



Conclusion 

The three topics treated here are only 
a few of many useful applications of 
electrostatic principles. Equally valuable 
applications include electret micro- 
phones and filters, electrostatic motors, 
and the vital field of electrostatic image 
forming known as xerography, without 
which we wouldn't have photocopies. 
The purpose of this short survey is to 
provide an overview of the possibilities 
of electrostatics. Perhaps the next time 
you are frustrated by an ESD problem, 
you might even remember that static 
electricity can also be looked at as a good 
thing. 
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